Turmeric is a popular material that plays an important role in the flavor and fragrance industries. Although many compounds have been reported as components of turmeric, its aroma profile has not been clarified. Recently we have developed a new approach for evaluating the complex odors of materials based on recent research on the mechanism of odor recognition. Here we report the characteristic aroma properties of turmeric obtained through the investigation of its aroma profile. The hexane extract of turmeric had a turmeric-like odor, whereas the steam distillate of turmeric had a pungent, nonturmeric-like odor. We carried out bulb-to-bulb distillations of the extract and the steam distillate. For the hexane extract, two fractions with completely different odors were obtained. One was a high boiling point fraction (group A) with a turmeric-like odor, which consisted of ar-turmerone and β-turmerone as the main components, and the other was a low boiling point fraction (group B), which consisted of α-curcumene and β-sesquiphellandrene. In contrast, the bulb-to-bulb distillation of the steam distillate gave a fraction (group C) with a very different odor from groups A and B. Group C was composed of several kinds of alcohols that were not present in groups A and B. These results indicate that the group C fraction causes the different, pungent odor of the turmeric oil obtained by steam distillation. The variation in the aroma of turmeric depended on the combination of these three groups of odor constituents.
Recently, we have developed a new approach for evaluating the complex odors of fragrance materials based on recent research on the mechanism of odor recognition. We have used our approach to investigate the aroma profile of typical Japanese aroma materials, which are composed of many compounds. The odors of these materials are not produced by the simple addition of the odor characters of each of their constituents. For example, frankincense contains constituents with similar structures, but its odor is not the sum of the odors of each constituent [1] . These results indicate that the interactions between the constituents are important in creating the characteristic odor of frankincense. Our approach for evaluating the complex odor of the materials considers these interactions [1] [2] [3] [4] [5] [6] .
In the mechanism of odor recognition, one odorant molecule is recognized by several odor receptors and one odor receptor responds to various different odorant molecules with different intensities [7] . Furthermore, the odorant molecules that are recognized by one receptor are structurally similar [8, 9] . For example, mOR-EG, which is a mouse olfactory receptor, responds to eugenol and structurally similar compounds with different intensities [9, 10] . Therefore, the receptor and odorant do not have a simple one-to-one relationship and these odorant-receptor interactions must be considered in the evaluation of the complex odors. It is necessary to investigate how the presence or absence of various constituents and the change in the content ratio of constituents affects the odor of the materials. Thus, odors of materials should be evaluated from mixtures rather than from compounds in isolation. We have proposed the following approaches to evaluate complex odor.
Approach I: Examining the differences in odor and constituents between extracts obtained by several extraction methods from the same fragrance material. Approach II: Dividing the constituents of a material into groups with similar molecular structures, and thus high structural affinities.
In our previous studies, we used bulb-to-bulb distillation to separate the constituents into groups with high structural affinities. Bulb-tobulb distillation separates mixtures based on the boiling points of their constituents. Constituents obtained from one plant often have similar molecular structures because of their biosynthesis. Therefore, the difference in their boiling points often arises from the functional groups.
In the case of frankincense, bulb-to-bulb distillation divided the hexane extract from frankincense into three groups, which had different odors. Each group was structurally similar. The groups were linear alcohols and linear esters, diterpene hydrocarbons, and incensole derivatives. The group of incensole derivatives had a frankincense-like odor, which was the primary odor of frankincense. However, when the individual constituents of this group were separated further, they had fatty odors distinct from the odor of frankincense. This result indicated that these structurally similar incensole derivatives were important odor constituents for the primary odor of frankincense [1] . This result indicates the validity of grouping constituents.
Turmeric is an important material in the flavor and fragrance industries. Although many compounds have been reported as components of turmeric, its aroma profile has not been clarified. In this study, using approach I, we obtained two extracts from turmeric by hexane extraction and steam distillation. The hexane extract had a turmeric-like odor, characteristic of turmeric. However, the odor of the steam distillate was completely different from that of the material itself. 1 H NMR showed that both the hexane extract and steam distillate were made up mostly of ar-turmerone (1) and βturmerone (2) in almost equal ratios. This suggested that there were other constituent groups causing the difference between the odors of the hexane extract and steam distillate. To obtain more information, we used approach II and conducted bulb-to-bulb distillation to identify the constituent groups responsible. Distilling the hexane extract of turmeric produced a lower boiling point fraction (H-LF) and a higher boiling point fraction (H-HF) ( Figure 2 ). The odor of H-HF was more similar to that of the original material than that of the odor of H-LF. 1 H NMR analysis showed that both these fractions were composed of ar-turmerone (1) and β-turmerone (2) in almost equal ratios. ar-Turmerone (1) and β-turmerone (2) were the main constituents of H-HF, which is similar to the hexane extract. However, the main constituents of H-LF, which did not smell similar to the original material, were α-curcumene (3) and βsesquiphellandrene (4). The constituents of the hexane extract of turmeric were divided into two groups. One was group A, which had the characteristic odor of turmeric and was made up mostly of ar-turmerone (1) and β-turmerone (2) . The other was group B, which had a different characteristic odor from turmeric and mostly contained lower boiling point constituents, such as α-curcumene (3) and β-sesquiphellandrene (4). These results indicate that the key odor constituent group was group A. The structures of terpenes 1-4 were identified by NMR spectroscopy. GC/MS analyses of these fractions were conducted to identify the constituents (Table 1 ). Important constituents of group A were the main compounds in H-HF and the major constituents of group B were the main compounds of H-LF, except the main constituents of group A. Each group consisted of constituents with similar structures. Next, we investigated the odor of the steam distillate obtained from turmeric using our approach. Although the steam distillate did not have a turmeric-like odor, the higher boiling point fraction (S-HF) obtained from the steam distillate did have a turmeric-like odor and its components were similar to those of group A (Figure 4 ). This was consistent with our other results indicating that the key odor constituent group was group A. However, the lower boiling point fraction (S-LF) obtained from the steam distillate had a completely different odor from that of turmeric and was like the odor of the steam distillate. S-LF included group C, which was not present in the hexane extract and was made up mostly of alcohols. The group C fraction caused the pungent odor of the steam distillate that was different from turmeric. This indicates that group C prevents the creation of a turmeric-like odor. To investigate the constituents of group C, we compared the lower boiling point fractions (H-LF and S-LF) obtained from the hexane extract and the steam distillate by GC/MS ( Table 2 ). Group C mostly consisted of alcohols ( Figure 5 ). The bulb-to-bulb distillation of the hexane extract and steam distillate indicated that group A was important for the odor of turmeric.
We studied the aroma properties of ar-turmerone (1) and βturmerone (2), which were the main components of group A. ar-Turmerone (1) and β-turmerone (2) were separated from the hexane Aroma of turmeric: odor group combinations Natural Product Communications Vol. 10 (6) 2015 1049 extract by chromatography. The odors of two main compounds, namely ar-turmerone (1) and -turmerone (2), were evaluated by GC-O analysis. The odors of ar-turmerone (1) and β-turmerone (2) were distinct from the turmeric-like odor. We also found that the ratio of ar-turmerone (1) to β-turmerone (2) in a mixture affected the odor of the mixture. These results indicate that both compounds were essential constituents for the turmeric-like odor and the ratio was also important. Furthermore, a mixture, which was almost entirely composed of compounds 1 and 2, was obtained by purification. The mixture also did not have a turmeric-like odor; the trace constituents in group A are also essential for the turmeric-like odor. Table 2 .
GC/MS analyses of H-HF and S-HF were performed to obtain detailed information about the constituents of group A ( Table 3 ). The constituents that both fractions shared were also as important for the turmeric-like odor as ar-turmerone (1) and β-turmerone (2).
In conclusion, our results show that the odor of turmeric was characterized by the group consisting mostly of turmerones, including ar-turmerone, which has previously been reported as an odor constituent of turmeric. The combination and the ratio of the groups A, B, and C in the turmeric aroma oil were also important for producing the odor of turmeric. 
Experimental
Structural elucidation: Known compounds were identified by 1 Hand 13 C-NMR spectroscopy through comparison with reported data. The assignments of the 1 H and 13 C NMR were determined by 1D
and 2D NMR spectroscopy. The -turmerone and curlone steroisomers were distinguished by the 13 C NMR data [11] . NMR spectra were recorded on Avance 300 and 500 systems (Bruker, Karlsruhe, Germany). Silica gel 60 (Merck, Darmstadt, Germany) was used for column chromatography, silica gel 60 GF254 for thin layer chromatography (TLC), and silica gel 60 PF254 for preparative TLC.
Sensory evaluation: Sensory evaluation was performed by an expert panel (Yamada-matsu Co., Ltd., Kyoto, Japan) The similarities and differences in the odor characteristics of the extracts were evaluated. The sensory evaluation was also performed by a non-expert panel consisting of untrained participants. The sensory evaluation results of the expert and non-expert panels were consistent.
Plant material:
Turmeric was purchased from a local market in China. The material did not contain significant amounts of moisture. Voucher specimens of these materials are available from Yamada-matsu Co., Ltd.
n-Hexane extraction of turmeric:
Odor compounds of turmeric (100 g) were extracted with n-hexane (100 mL) at room temperature. Removal of the solvent by rotary evaporation at room temperature afforded a yellow oil (0.9 g; extractability, 0.9%)
Steam distillation of turmeric:
Steam distillation of turmeric (100 g) gave a mixture of oil and water. The mixture was extracted with n-hexane and dried over anhydrous magnesium sulfate. Concentration of the n-hexane solution by rotary evaporation at room temperature afforded a pale yellow oil (1.2 g; extractability, 1.2%) 
Bulb-to-bulb distillation of extracts from turmeric:

Analysis of the constituents of turmeric by GC-olfactometry (GC-O):
GC-O analysis was performed on a GC-353 gas chromatograph (GL Sciences Inc., Tokyo, Japan) equipped with a flame ionization detector (FID), a sniffing port, a column injector, a polar capillary column (InertCap Pure-WAX, 0.25 mm I.D. × 30 m, film thickness: 0.25 m, GL Sciences Inc., Tokyo, Japan) and an OP 275 olfactory port. The carrier gas was helium at a flow rate of 1 mL/min. The injections were performed in splitless mode at 250°C. The oil (1 L) was injected dissolved in acetone. The GC oven temperature increased from 40 to 250°C at a rate of 4°C/min with initial and final hold times of 5 and 30 min, respectively. The FID and sniffing port were maintained at a temperature of 250°C. The fractions obtained from hexane extracts and steam distillate were analyzed. The samples collected for analysis were dissolved in acetone.
Analysis of the constituents of turmeric by GC: GC analysis was
performed on a GC-2014 gas chromatograph (Shimadzu Corp., Kyoto, Japan.) equipped with a FID. The other conditions were the same as for GC-O analysis. GC analyses were conducted to calculate area percent and retention index.
Analysis of the constituents of turmeric by GC-MS: GC-MS was performed on a SCION SQ 456-GC/MS System (Bruker Daltonics
Inc., Billerica, MA) using electron impact ionization. The other conditions were the same as for GC-O analysis.
Purification of turmeric constituents ar-turmerone, β-turmerone, α-curcumene, and β-sesquiphellandrene:
The n-hexane extracts (436.6 mg) were initially purified by column chromatography (silica, hexane2-propanol) to afford α-curcumene (4.5 mg), and an oil composed mostly of β-sesquiphellandrene (10.1 mg). The fraction was purified by preparative TLC (silica, hexane2propanol) to give ar-turmerone (10.3 mg) and an oil composed mostly of β-turmerone (14.0 mg). 
ar-Turmerone
